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(57) ABSTRACT

A steam turbine system uses a laser to instantaneously vapor-
1z¢ water 1n a nozzle within a turbine. This steam 1s then used
to rotate the turbine. Thus, the turbine system does notrequire
an external boiler. The steam turbine system may be used 1n
either an open system, where the steam passing through the
turbine 1s not condensed and reused, or a closed system,
where the steam passing through the turbine 1s condensed and
reused.
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1
LASER FOR STEAM TURBINE SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s the continuation of International Patent
Application No. PCT/US2009/036627, filed Mar. 10, 2009,
the entire disclosure of which 1s hereby incorporated by ret-
erence.

BACKGROUND

In view of global warming created by carbon dioxide
(CO,) emissions, there has been a movement to promote
“oreener’” technologies that do not emit CO, or other green-
house gases. The recent rise 1n fuel prices has further bol-
stered demand for alternate or “greener’” energy sources, such
as 1n hybnd electric vehicles. Typically, these “greener” sys-
tems rely on expensive and heavy electric motors 1n order to
generate the required mechanical power. While electric
motors provide significant benefits, such as regenerative
braking in hybrid vehicles, there are a number of significant
drawbacks to this technology. For example, the magnets 1n
clectric motors are normally expensive and very heavy. The
added weight of the electric motors can reduce overall energy
eificiency. Furthermore, electric motors at times are slower 1n
response to provide the required immediate torque and thus
are not able to provide the desired mechanical power when
needed.

SUMMARY

The mventors discovered that this problem of producing
highly-responsive mechanical energy in an environmentally
friendly fashion 1s solved by immediately vaporizing liqud
water with a laser within a nozzle to create a superheated
steam that powers blades within a turbine. In comparison to
clectric motors, turbines are generally lighter. Further, the
turbines are able to achieve both faster response at a higher
torque and lower engine weight. By using liquid water or
other environmentally friendly liquids to drive the turbine, the
turbine can be used 1n an open type system, thereby eliminat-
ing the weight found in closed systems with external boilers,
condensers, and their accompanying piping.

Some may initially find this approach of using a laser to
drive a turbine to be counterintuitive because of the efficiency
in converting laser energy to steam and ultimately mechanical
turbine power. As the energy density of electrical power
sources continue to mmprove (e.g., battery, hydrogen fuel
cells, flywheel, etc.), the laser steam turbine approach
becomes desirable under numerous conditions that require a
lightweight, environmentally friendly, and/or portable source
tor highly responsive mechanical turbine power such as with
an aircraft.

To that end, the inventors have developed a unique and
inventive system in which a laser immediately vaporizes the
water within the turbine 1tself 1n order to turn the turbine to
generate the required mechanical energy. By vaporizing the
water within the turbine rather than in an external boiler, a
number of improvements can be achieved. For example, there
1s no heat loss by the steam cooling within the pipes or other
equipment typically found in closed boiler systems. This 1n
turn reduces the chance of undesirable condensation of the
liquid forming within the turbine itself. By vaporizing the
water within the turbine, the system can be an open system in
which only the turbine and laser generator are required to
produce the requisite mechanical energy. This reduces the
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weight of the overall system as well as allows the system to be
relatively small and compact in comparison with other types
ol conventional steam turbine systems.

As noted before, 1t 1s undesirable that any type of liquid
contact the turbine blades during operation because it can
lead to wear on the turbine blades. This wear 1n turn can lead
to the turbine being unbalanced which can lead to blade
tailure. With the inventors’ proposed laser turbine design, the
laser steam generator nozzle 1s 1n extremely close proximity
or integral to the blades of the turbine before being vaporized.
There 1s a significant danger that the liquid water may not
completely vaporize, thereby having water droplets striking
and damaging the turbine blades. The inventors created a
unique laser steam generator nozzle that ensures complete
boiling and rapid vaporization before exiting the nozzle. The
nozzle 1s configured to internally conically focus on the
stream of water and retlect the laser beam multiple times
across the path of the liquid stream. The laser beam hits the
liquid steam multiple times in concentric patterns, therefore
ensuring complete vaporization of the water. With the internal
reflection provided by this nozzle design, the highly-powertul
laser beams are retlected back into the nozzle rather than
exiting with the steam so as to prevent any blade damage or
loss of energy. Additional means to prevent egress/escaping
of liquid water may also be used.

To improve the energy efficiency of the system, the energy
supplied to the powertul laser beams 1s adjusted to correspond
to the steam demand. The laser uses only as much energy as
necessary to vaporize the water stream and to produce steam.
Similarly, the rate of water supply tlow, temperature, and
pressure nto the laser steam generator nozzle are controlled
to correspond to the steam demand.

These steam turbine systems that are smaller, lighter, and
simpler 1n operation can be incorporated in many applica-
tions, particularly mobile applications 1n which steam tur-
bines were previously too large. Such applications include
cars, boats, airplanes, and trains. In contrast to traditional gas
turbines that produce environmentally harmful fumes, the
exhaust produced by this steam turbine system 1s a safe and
environmentally friendly water vapor. To further enhance the
implementation with these applications, the inventors recog-
nized that the system weight could be further reduced without
sacrificing the power output of the steam turbine system by
externally acquiring the water used to produce steam from the
environment as needed. This way, all of the water for the laser
stecam generator nozzle does not have to be carried and/or
stored within the vehicle or platform. Instead, during opera-
tion, water 1s acquired externally from the environment or
made up at the rate needed to produce steam. For example, the
water waste product from a fuel cell 1s collected and used as
the water supply to the steam turbine. Alternatively, the water
1s acquired from the environment surrounding the turbine
system as needed, for example, from condensation 1n the air
or water from a sea, lake, river, or ocean that the turbine
operates near or on (1n the case of a water vessel). As a result,
this steam turbine system may also be combined with other
energy generators to provide continuous reliable power,
cither as a back-up or supplemental power supply, particu-
larly 1n mobile applications. These other energy sources
include batteries, fuel cells, nuclear power, flywheel, and
back-up or supplemental power for environmental sources
such as solar power, wind power, or hydro-power.

Further forms, objects, features, benefits, advantages, and
embodiments will become apparent from the detailed
description and drawings provided herewith. For example,
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although the laser system has been described with reference
to boiling liquid water, other types of liquids that vaporize can
be used.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an open steam turbine system
according to one embodiment.

FI1G. 2 1s a block diagram of a closed steam turbine system
according to another embodiment.

FIG. 3 1s a perspective view of a turbine according to an
embodiment.

FI1G. 4 15 a front elevational view of the FIG. 3 turbine.

FIG. 5 15 a top elevational view the FIG. 3 turbine.

FIG. 6 1s a perspective view ol a turbine according to
another embodiment.

FIG. 7 1s a front elevational view of the FIG. 6 turbine.

FIG. 8 15 a top elevational view of the FIG. 6 turbine.

FIG. 9 1s a perspective view of a nozzle used 1n the FIG. 3
and FIG. 6 turbines.

FIG. 10 1s an enlarged view of the FIG. 9 nozzle which
shows the laser beams intersecting the stream of water to be
boiled.

FIG. 11 1s a cross-sectional view of the FIG. 9 nozzle that
shows the path of a single laser beam.

FIG. 12 1s a second cross-sectional view of the FIG. 9
nozzle that shows the path of two laser beams.

FI1G. 13 1s a cross-sectional view of a nozzle that internally
reflects within the fluid stream according to another embodi-
ment.

FI1G. 14 1s a block diagram of the control system for a steam
turbine system according to one embodiment.

FI1G. 15 1s a block diagram of a control system for a hybrid
clectric motor/steam turbine system according to one
embodiment.

FIG. 16 1s a block diagram that shows supplementing a
steam turbine water supply with water from a fuel cell.

FIG. 17 1s a block diagram that shows supplementing a
steam turbine water supply with water removed from the air.

FIG. 18 1s a block diagram that shows supplementing a
steam turbine water supply with water from a body of water.

FIG. 19 1s a block diagram of a steam turbine system in
which the laser 1s remote from the steam turbine.

FIG. 20 1s a block diagram of a steam turbine system in
which a laser beam from a satellite 1s transmitted to a ground
station

FI1G. 21 1s a diagram of a self-powered steam turbine drill.

DETAILED DESCRIPTION

For the purpose of promoting an understanding of the
principles of the invention, reference will now be made to the
embodiments 1llustrated and specific language will be used to
describe the same. It will nevertheless be understood that no
limitation of the scope of the mvention 1s thereby intended,
such alterations and further modifications 1n the illustrated
device, and further applications of the principles of the mnven-
tion as 1llustrated therein being contemplated as would nor-
mally occur to one skilled 1n the art to which the mnvention
relates.

One embodiment of the invention 1s shown 1n great detail,
although 1t will be apparent to those skilled 1n the relevant art
that some features that are not relevant to the present mven-
tion may not be shown for the sake of clarity. Generally, the
nozzle vaporizes liquid water with a concentric laser array to
create steam that powers blades within a turbine, eliminating
the size and weight of an external boiler, condenser, and
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4

associated piping. The laser steam generator nozzle 1s an
integral part of the turbine engine located just upstream of the
blades.

FIG. 1 shows a block diagram of a steam turbine system 10
according to one embodiment. The system 10 includes a
water source 11, a feed flow control 12 for water source 11, a
power source 13, a laser generator 14, a turbine 15 which 1s
rotated or powered by the steam, a mechanical load 16 pow-
ered by the turbine, and a laser nozzle array 17 that includes
one or more laser nozzles. Although the turbine system 1is
described as using water as the liquid medium that 1s vapor-
1zed by a laser to form steam that drives the turbine, 1t should
be appreciated that other types of vaporizing liquids can be
used. Nevertheless, the water vapor (steam) byproduct pro-
duced by this system 10 1s environmentally friendly, and
therefore, allows the system to be an open type system that, as
will be explained below, allows the overall system 10 to be
lighter (1.e., igher torque to weight ratio). The water can also
be dyed or otherwise modified to promote absorption of the
laser energy. For example, the water can include a dark or
black dye so as to promote laser absorption when a visible
light laser 1s used. Of course, different types of dyes or other
absorptive chemicals can be used to absorb lasers at different
wavelengths. The water source 11 supplies the liquid water to
the turbine 15, and the tlow of liquid water to the turbine 1s
regulated by the feed flow control 12 which also controls
pressure and temperature, which would typically be con-
trolled just below the boiling point to minimize required laser
energy. In one embodiment, the water source 11 1s 1n the form
ol a water storage tank, but as will be recognized from the
discussion below, the water source 11 can come from many
different types of sources. The feed flow control 12 1n one
example includes a valve, pump, and/or electronics for regu-
lating the water tlow, such as sensors, processors, actuators,
etc., but the feed tflow control 12 can be configured differently
in other examples to include other features, such as a pre-
heater for the supplied water. Feed flow control 12 may be
accomplished by adjusting the positioning of a valve 1n the
water supply piping to the laser nozzle array 17 and/or by
altering the speed of a pump feeding the water to the laser
nozzle array 17. The feed tlow control 12 1s designed to
ensure that an adequate supply of water 1s maintained such
that the required output mechanical power from the turbine 15
1s sustained. Further, the flow control 12 regulates the liquid
water supply so that the liquid water 1s completely converted
to steam within the nozzle. In one example, the flow control
12 supplies one or more continuous laminar streams of water
to multiple laser steam generator nozzles 17, but the water can
be supplied in other manners. As another example, the water
can be supplied as a series of drops or pulses that are synchro-
nized with laser pulses. The flow control 12 and laser genera-
tor 14 are designed to produce dry or superheated steam
within the turbine. I saturated steam with water droplets
impinge onto the blades of the turbine 15, erosion of the
blades could occur. This in turn can result in rotor imbalance
and failure of the turbine 15. As will be explained below, one
of the many features of this laser steam turbine system 1s that
the lasers completely vaporize the water within the steam
generator nozzle 17 so as to avoid condensation and moisture
carryover 1ssues.

The power source 13 provides energy to power the laser
generator 14. In one example, the power source 13 1s a high
energy density portable power source, such as a battery, fuel
cell, flywheel, solar cell, portable generator, etc. With the
power source 13 being portable, the system 10 can be used in
numerous environments where a compact and lightweight
source of highly responsive mechanical power 1s required,
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such as 1n vehicles, ships, aircrait, etc. The power source 13 1n
other examples can be a source that 1s less portable or not
portable at all, such as electricity supplied from a power grid.
The power from the power source 13 1n turn causes the laser
generator 14 to generate one or more concentric laser beams
within each steam generator nozzle 17.

In one example, the one or more laser beams from the laser
generator 14 are transmitted to the steam generator nozzle 17
via one or more fiber optic cables, but the laser beams can be
transmitted 1n other manners, such as by being transmitted
through the air, through one or more beam splitters, reflected
from mirrors and/or transmitted through other types of optical
devices, to name just a few examples. Within the laser steam
generator nozzle 17, the laser beams vaporize or flash the
water 1nto steam. As the steam exits the nozzle, 1t impinges on
and rotates the rotor’s blades i1n the turbine 15, and the
mechanical power created by rotation of the blades i1s then
used to power some type of mechanical load 16. As will be
appreciated, the mechanical power generated by the turbine
15 can be used 1n many situations, such as to drive the wheels
of a vehicle, power a turbofan or propeller of an aircraft,
power the screw of a submarine, etc.

As will be discussed at greater length below, the relation-
ship of the laser steam generator nozzles 17 to the turbine
blades can be configured 1n a number of manners. For
instance, the turbine 15 can include an 1impulse type turbine,
a reaction type turbine, or some combination thereof. In typi-
cal steam turbine systems, the steam 1s produced outside of
the turbine because 1t was thought that producing steam in
close proximity to the turbine blades would increase the dan-
ger of saturated or wet steam damaging the turbine blades.
However, the inventors discovered that producing steam
remotely created several disadvantages such as the steam
cooling during transport so that energy was lost and conden-
sation occurred. It was quite unexpectedly discovered that
lasers could facilitate immediate vaporizing of water to steam
on demand inside the steam generator nozzle. Due to the
highly focused and controllable nature of lasers, the inventors
found focused concentric laser beams retlected within the
nozzle were able to consistently vaporize the water to produce
dry (superheated) steam within the turbine 15 itself As will be
explained below, other components have been developed by
the inventors to further ensure the creation of dry steam within
the turbine 15. It was also found that this ability to vaporize
water with lasers within the nozzle facilitated tight regulation
of steam production which in turn allowed the mechanical
power output from the turbine 15 to be accurately controlled
and changed rapidly to obtain optimal power output. In other
words, this configuration allowed instantaneous throttling,
and control of the turbine 15. This occurs by regulating the
water tlow 1nto the turbine 15 with the flow control 12 and the
strength of the lasers hitting the water stream. Unlike the
illustrated system 10, traditional boiler-based systems are
unable to quickly and efficiently throttle power production in
such a manner due to the inherent delay created by using
boilers.

The system 10 illustrated 1n FIG. 1 1s commonly referred to
as an open type system in which the steam from the turbine 135
1s exhausted to the outside environment. In certain situations,
the steam exhaust can also provide thrust for vehicles, air-
craft, watercraft, etc. In contrast to closed type systems 1n
which the exhaust steam 1s condensed and recirculated, open
type systems are more compact and lighter because the equip-
ment required for condensing the water 1s eliminated. This
open system design also allows steam turbines to be used 1n
situations where turbine power might not be traditionally

10

15

20

25

30

35

40

45

50

55

60

65

6

available. The use of water allows the system 10 to be an open
one, because the exhausted steam 1s environmentally friendly.

Although open type systems provide a number of notewor-
thy benefits, a number of features can be adapted for use 1n
closed type systems in which the water 1s recirculated. FI1G. 2
1s a diagram of one such example of a closed system 20. Like
the open system 10 1n FIG. 1, the closed system 20 1n FIG. 2
includes the water source 11, feed flow control 12, power
source 13, laser generator 14, turbine 15, mechanical load 16,
and laser steam turbine nozzles 17 of the type described
above. But the system 20 in FIG. 2 further includes a con-
denser 18 that collects and condenses the steam exhausted
from the turbine 15. A pump 19 pumps the water condensed
at the condenser back to the water source 11 where the water
can again be fed to the turbine 15. Although the closed system
20 includes condenser 18 and additional equipment resulting
in greater weight, this recycling of the water assures the
availability of water for driving the turbine 15.

As noted before, the turbine 15 can come 1n many forms.
For example, the turbine 15 can include bladed type turbines
and/or bladeless type turbines, which are sometimes called
Tesla turbines. One example of a turbine 25 that can be
incorporated into the systems described herein 1s illustrated in
FIGS. 3, 4, and 5. FIG. 3 generally shows a perspective view
of a rotor assembly used 1n the turbine 235. As can be seen, the
rotor assembly of the turbine 235 includes an output shait 26,
a first stage of turbine blades 27 attached to output shaft 26, a
second stage of turbine blades 28 attached to output shait 26,
and one or more laser steam generator nozzles 29 for produc-
ing steam. The shaft 26 1s configured to directly or indirectly
supply the output mechanical power from the turbine 25. For
example, the shaft 26 can be directly secured to a mechanical
load, such as a wheel, a propeller, turbofan, etc., or the shaft
26 can be indirectly coupled to the mechanical load through a
transmission, gearing, etc. The blades 27, 28 can come i1n
many forms and can operate as reaction or impulse turbine
blades. Of course, the turbine 25 can include other compo-
nents found 1n turbines, such as stator blades, speed gover-
nors, bearings, and seals, to name just a few examples. The
second stage of turbine blades 28 1s attached to output shait 26
on the side opposite the first stage 27. The second stage 28 of
blades 1s positioned downstream from the first stage 27 such
that the steam produced by the nozzles 29 travels through the
first stage 27 and then through second stage 28. Other
embodiments can have fewer or more stages than 1s 1llus-
trated. Having multiple stages enhances the efficiency of the
steam turbine system because the later stages remove energy
from the steam that was not removed by the earlier stage to
turn the same output shait. Thus, more energy 1s removed
from the steam than by a single stage alone.

As can be seen 1in FIGS. 3 and 4, the turbine further
includes one or more laser steam generator nozzles 29 that
create the steam for turning the blades 27, 28. The water
source 11 via the tlow control 12 supplies the water to the
nozzles 29, and the laser generator 14 supplies the laser
beams to the nozzles 29 for vaporizing the water. In the
illustrated embodiment, multiple nozzles 29 are arranged
around and direct steam 1nto the first stage of turbine blades
277, and the nozzles 29 are oriented generally perpendicular to
first stage 27. To avoid creating uneven forces across the first
stage 27, the nozzles 29 are arranged uniformly around the
first stage turbine blades 27 1n the 1llustrated example. For
example, the s1x (6) nozzles shown are each approximately
sixty (60) degrees apart. Additionally, each laser steam gen-
erator nozzle 29 has a corresponding nozzle 29 one hundred
and eighty (180) degrees from it to avoid unbalancing the first
stage 27. In other embodiments, the nozzles 29 can be
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arranged 1n a non-uniform manner or in other orientations. To
promote cooling by the air inducted nto the turbine 235, the
nozzles 29 can be spaced apart, but 1n other examples, the
nozzles 29 can be packed closely together. It should be rec-
ognized that more or less nozzles 29 can be used 1n other
embodiments, like one or seven nozzles 29.

The laser steam generator nozzles 29 are designed to
ensure that dry (super heated) steam 1s produced such that the
water 1s elficiently vaporized inside the turbine 235 with very
little loss of energy. Looking at FIG. 35, the turbine 25 has a
casing or housing 30 1n which the nozzles 29 and the rotor
assembly 1s disposed. In the illustrated example, the housing
30 includes an 1inlet opening 31 for the intake of air and an
outlet or exhaust opening 32 for discharging steam. Again, the
nozzles 29 are positioned inside the housing 30 so that the
vaporizing of the water 1n the nozzle occurs 1n close proxim-
ity to the blades 27, 28 so as to minimize heat loss. During
operation, steam from the nozzles passes through first stage
27 and second stage 28 turbine blades, causing the output
shaft 26 to rotate. In the 1llustrated embodiment, the housing
30 1s open such that the turbine 25 can be used 1n an open type
system, but 1n other vanations, such as for a closed system,
the housing 30 can be closed.

A steam turbine 35 according to another embodiment 1s
illustrated 1n FIGS. 6, 7, and 8. As can be seen, the turbine 35
in FIG. 6 shares a number of components 1n common with the
one illustrated 1n FI1G. 3. For the sake of brevity and so as to
avold being repetitive, these common features will not be
discussed 1n great detail again, but please refer to the previous
discussion of these features. Like before, the turbine 35 has
the output shait 26 and nozzles 29. Unlike betfore, the turbine
35 1ncludes a first stage 38 of blades and has a vapor cavity 34
for collecting and exhausting the steam through an exit open-
ing 37. The laser steam generator nozzles 29 are arranged
around and 1n close proximity to the turbine blades for pro-
ducing and directing steam through first stage 38. In this
embodiment, nozzles 29 are oriented at an oblique angle
relative to turn turbine blades 38. By angling the nozzles 39 at
an oblique angle, the steam provides a greater force to turbine
blades 38 1n the direction of rotation. Such an arrangement
may be beneficial for a pelton-style turbine. After passing
through the turbine blades 38, the steam enters the steam
vapor cavity 34 and then exits the turbine through the exit 37.
This exited steam can be discarded or condensed and returned
to the steam turbine system as discussed above regarding the
open 10 and closed 20 systems.

As alluded to betore, the laser steam generator nozzles 29
are designed to concentrate the laser energy so as to ensure
complete vaporization of the water. This in turn reduces the
risk of blade erosion caused by saturated steam and water
droplets striking the blades. The nozzles 29 are also designed
to reflect and contain the laser energy to prevent laser energy
from escaping and damaging the turbine, other systems, and/
or individuals. The 1nside surface of the nozzle 1s polished to
a mirror finish to allow laser reflection. The nozzle walls are
cooled by mmcoming water so as to pre-heat the water. One
example of a nozzle system 40 that includes the nozzle 29 and
the laser generator 14 will now be described with reference to
FIGS. 9, 10, 11, 12, and 13. Looking at FIG. 9, the laser
generator 14 has one or more optical fibers 41 that transmat
the laser energy to the mterior of the nozzle 29. One or more
laser beams 42 radiate from the optical fibers 41 inside the
nozzle 29 1n a conical focused manner. The stream of water
from the water source 11 and feed control 12 1s identified by
reference numeral 43. The nozzle 29 has a supply section 44
where the laser beams 42 and water 43 are introduced to the
nozzle 29. As can be seen, the supply section 44 slightly

8

tapers towards a primary focal point section 45 of the nozzle
29. At the focal point section 45, the laser beams 42 converge
at the water stream 43 so as to mnitiate vaporizing of the water,
as 1s depicted in FIG. 10. Reference numeral 46 represents the
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vaporized by the laser beams 42 at the section 45. From the
focal point section 45, the nozzle 29 expands to a vaporization
chamber 47 so as to somewhat coincide with the expansion of
the steam jet 46. While not the same, the vaporization cham-
ber 47 1s somewhat analogous to a combustion chamber on a
conventional liquid chemical rocket engine. The nozzle inte-
rior wall 47 1s configured to internally reflect the laser beams
42. In one example, the interior of the nozzle 29 at the vapor-
1zation chamber 47 1s metalized (1.e., made into a mirror) 1n
order to reflect the laser beams 42. In another example, the
refractive index of the materials used 1n the nozzle 29 are
selected to cause internal reflection within the iterior of the
nozzle 29, but 1t 1s envisioned that the reflection can be facili-
tated 1n other manners. The retlection of the laser beams 42
within the nozzle 29 can be generally specular (i.e., mirror-
like) or diffuse in nature. In the 1llustrated embodiment, the
entire interior of the nozzle 29 1s reflective, but in other
embodiments, sections of the nozzle 29 can be not reflective
(1.e., transparent and/or absorptive 1n nature).

The nozzle 29 1n the 1llustrated embodiment generally has
a converging-diverging nozzle design. Opposite the supply
section 44, the nozzle 29 has an exhaust or diverging section
48 with an exhaust opening 49 through which the steam 46 1s
discharged to drive the turbine blades. In the illustrated
example, the exhaust section 48 generally has a diverging,
conical shape, but the exhaust section 48 can be shaped dii-
terently 1n other embodiments. Between the exhaust 48 and
vaporization chamber 47, the nozzle 29 has an angled or
converging wall section 50 angled to retlect the laser beams
42 back inside the nozzle 29. A throat 51 connects the con-
verging 50 and diverging 48 sections of the nozzle 29. FI1G. 11
shows a travel path of a single laser beam 42 within the nozzle
29, and FIG. 12 illustrates the travel path for multiple conical
laser beams 42 within the nozzle. In operation of the 1llus-
trated embodiment more than two laser beams are used, but
the limited number of laser beams depicted in the drawings
are shown so that the paths can be easily viewed. In other
embodiments, a single laser beam 42 can be used to vaporize
the water. From the converging wall section 50, the laser
beams 42 progressively reflect back towards the section 45 of
the nozzle 29. By reflecting in such a manner, the portion of
laser beam 42 with the most energy (after the part that initially
contacts the stream 43) reflects across the stream 43 near the
exhaust section 48 so that any remaining liquid 1n the stream
43 15 vaporized as well as to further heat the steam 46 before
being discharged. Between the section 45 and the vaporiza-
tion chamber 47, the nozzle 29 has a transition section 52 with
a frustoconical shape that 1s angled to contain the laser beams
42 within the nozzle 29. Of course, the laser beams 42 can
reflect more times than 1s shown.

During operation, the stream of water 43 enters the nozzle
29 at the supply section 44. The water can be pre-heated
betfore being supplied, such as by flowing through a jacket 53
of the nozzle 29 (as 1s indicated by the arrows 1n FIGS. 11 and
12). The lasers beams 42 are angled to form a cone-like shape
with a focal point on the stream of water. In the section 45, the
resulting cone of the laser beams 42 1s focused to form a
primary point of intersection with the stream 43, as 1s
depicted 1n FIG. 10. At this point, the laser beams 42 vaporize
the water, which in turn creates an expanded jet of steam 46.
Thenow diverging laser beams 42 retlect from the converging

wall section 50 near the throat 51 of the nozzle 29 (FIGS. 11
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and 12). The laser beams 42 continue to internally reflect
inside the nozzle 29 such that the beams 42 cross the path of
the steam 46 and further vaporize any remaining water drop-
lets multiple times to further heat and vaporize the water. This
helps to ensure that dry (superheated) steam 1s produced and
there 1s no liquid water carryover into the turbine. To help cool
the angled wall 50 where the laser beam 42 1s initially
reflected, a portion of the cone of steam 46 (and/or liquid
water) 1s configured to contact the angled wall 50. This helps
to prevent overheating of the nozzle 29 at the angled wall 50.
The generated steam passes through the discharge section 48
toward the turbine blades. The discharge section 48 imparts
the desired pressure velocity steam characteristics of the
steam exiting nozzle 29. As should be appreciated, the linear
type design of the feed of the water stream 43 and the laser
beams 1n the nozzle 29 helps to impart the impulse or velocity
ol the water stream 43 into the steam 46.

FI1G. 13 illustrates a nozzle system 53 according to another
embodiment. As can be seen, the system 35 1n FIG. 13 1s very
similar to the one 1llustrated 1n FIG. 9, and common features
willnotbe described again 1n great detail. Unlike the previous
embodiment, the nozzle 29 further includes a laser sensor 56
that senses one or more properties of the laser beam 42 that
passes through the steam 46 1n order to determine the prop-
erties of the steam 46, such as the amount of liquid water
present. Based on the properties sensed, the power of the laser
beams 42 generated by the laser generator 14 and/or the flow
of the water stream 43 can be adjusted, such as for example to
ensure that dry or superheated steam 1s produced and/or to
conserve energy. To further facilitate vaporization of the
water, the laser beams 42 1n the 1llustrated embodiment form
a continuous conical laser curtain so that the steam 46 and any
residual liquid water pass through the lasers on multiple occa-
sions. In other words, a solid wall of laser beams 42 1s formed
through which the water stream 43 and steam 46 pass.

FI1G. 14 1llustrates a control system 60 that can be used in
conjunction with the FIG. 13 system 55 so that vaporization
of the liquid water occurs efliciently. As can be seen, the FIG.
14 system 60 shares a number of components 1n common with
the systems 1llustrated in FIGS. 1 and 2, such as the water
source 11, feed flow control 12, power source 13, laser gen-
erator 14, turbine 15, mechanical load 16, and the nozzle
array 17 having one or more laser steam nozzles 29. For the
sake of brevity and clarity, these common components will
not be discussed at length again. The system 60 1n FIG. 14
turther includes one or more of the sensors 56 from FIG. 13
operatively coupled to a controller 61. The controller 61 1n
turn 1s operatively coupled to the laser generator 14 and the
feed flow control 12. As noted betfore, the sensors 56 measure
the residual intensity and/or other properties of the laser
beams 42 (e.g., frequency, polarity, etc.) as the beams vapor-
1ze the water inside the nozzles 29. Based on the data col-
lected from the sensors 56, the controller 61 controls the flow
of water to the turbine 15 via the feed tlow control 12 and the
laser energy supplied to the nozzles 17 via the laser generator
14. For example, when the controller 61 through the sensor 56
detects that the laser intensity 1s low, which can be indicative
of excessive liquid water 1n the steam 46, the controller 61 can
reduce the water supply to the turbine 15 through the flow
control 12 and/or increase the laser energy supplied to the
turbine 15 through the laser generator 14 so as to make the
stecam drier. Conversely, 11 the laser intensity sensed by the
sensor 36 1s too high, which may indicate that laser energy 1s
being wasted, the controller 61 can increase the water supply
through the flow control 12 and/or decrease the laser energy
supplied through the laser generator 14 so as to generally
create an optimal mix of water and laser energy. In a similar
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fashion, the controller 61 can be used to throttle the turbine 15
sO as to maintain, 1ncrease, or decrease the mechanical power
provided by the turbine. The controller 61 can receive data
from other sources in order to control the operation of the
turbine 15 as well.

These steam turbine systems may be used in combination
with other power generators. For example, the system can be
used 1n a hybrid system in which the mechanical power from
the turbine 15 supplements the power provided by another
source, such as an electric motor, or vice-versa. For instance,
the turbine can act somewhat like a turbo-charger 1n a hybnd
clectric vehicle so as to provide quick acceleration until cruis-
ing speed 1s reached at which point the electric motors main-
tain the velocity of the vehicle. The relatively light turbine
provides the requisite power for acceleration which 1n turn
allows lighter electric motors to be used. In still yet another
example, the turbine supplements the power provided by an
internal combustion engine. With this hybrid system, the sup-
plied mechanical power can be efliciently supplied by chang-
ing the power source depending on the operational condi-
tions. When the conditions change, the source for mechanical
power can change as well. Thus, the most eflicient power
system under a particular condition carries most, 1f not all, of
the load.

An example of such a hybrid system 70 1s 1llustrated 1n
FIG. 15. The system 70 includes several components 1n com-
mon with the previously discussed systems, like the water
supply 11, flow control 12, laser generator 14, controller 61,
mechanical load 16, and the array 17 of one or more nozzles
29. The system 70 further includes an electric motor 71 that in
conjunction with the turbine 15 supplies mechanical power
for the mechanical load 16. The laser generator 14 and the
clectric motor 71 can receive power from the same power
source or separate power sources. In the illustrated embodi-
ment, the controller 61 1s operatively coupled to the flow
control 12, laser generator 14, electric motor 71, and the
mechanical load 16, but the controller 61 can be operatively
coupled to other components as well. The controller 61
receives sensor or other feedback mformation from the elec-
tric motor 71, mechanical load 16, turbine 15 as well as
components of the system 70, and based on this information,
the controller 61 controls the operation of the system 70. For
example, the controller 61 can activate the turbine 15 to
supply power to the mechanical load 16 during acceleration
through the laser generator 14 and tlow control 12. Once the
desired speed 1s reached, the electric motor 71 can take over
powering the mechanical load 16, and the controller 61 can
power down the turbine 15, 1f so desired. In another example,
the turbine 15 and the electric motor 71 can power the
mechanical load at the same time or 1n an alternating fashion.
In still yet another example, power from regenerative braking
1s used to power the laser generator 14 for the turbine 15.

One 1ssue that has been a concern relates to the weight of
the water that 1s used to drive the turbine. This weight 1ssue
can be especially a concern for systems used 1n transporta-
tion, such as for land, water, air, and space vehicles, to name
just a few examples. The use of water can also be of concern
where a suitable water supply 1s scarce, such as 1n deserts. A
number of unique and inventive systems have been developed
to address these concerns as well as others.

In one example, the byproduct produced during the gen-
eration ol power used to generate the laser energy acts as a
propellant by being vaporized inside the turbine. FIG. 16 15 a
block diagram of one such system 80. Like before, the system
80 includes the water supply 11, flow control 12, laser gen-
erator 14, turbine 15, mechanical load 16, and the array 17 of
one or more nozzles 29. These components function gener-
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ally i the same manner as described before. For the sake of
brevity and clarity, the structure and function of these com-
mon components will be not again discussed in great detail. In
the FIG. 16 system, a fuel cell 82 generates the electric energy
used to power the laser generator 14. A fuel supply 84 sup-
plies fuel, like hydrogen, hydrocarbons, alcohol, etc., to the
tuel cell in order to create the electricity. In this example, the
tuel cell 82 produces water as a byproduct during the produc-
tion of energy. The water from the fuel cell 82 1s then fed to the
water supply 11. The water from the fuel cell 1n the water
supply 11 1s used 1n the same manner as described above. That
1s, the tlow of water supplied from the water supply 11 to the
turbine 15 1s controlled by the flow control 12. The water 1s
then vaporized 1nside the turbine by one or more laser beams
from the laser generator 14. The resulting mechanical power
from the turbine 15 drives the mechanical load 16. All or part
of the water from the fuel cell 82 can be used to power the
turbine 15. For instance, some of the water from the fuel cell
can be used for other purposes, such as for cooling. In another
variation, the water from the fuel cell 82 supplements water
provided by another source. For instance, the water from the
tuel cell can be added to a storage tank that 1s already supplied
with water. Even when the water from the fuel cell 82 1s
unable to supply all of the water needs of the turbine 15, this
use of the water produced from the fuel cell can extend the
time between resupplying or refilling of the water supply, and
in addition, the overall weight of the system 80 1s reduced. For
transportation, these features in turn can extend the mileage
for vehicular or other forms of transportation.

In another aspect, the water vaporized in the turbine 15 can
be continuously (or near continuously) supplied from the
outside environment, thereby eliminating or reducing water
storage weight as well as the need to refuel with water. FIG.
17 illustrates one example of a system 90 1n which the water
for the turbine 15 1s at least 1n part or in whole replenished
from the outside environment on a continuous or near con-
tinuous basis. Like the previous examples, the system 90 in
FIG. 17 includes the water supply 11, flow control 12, power
source 13, laser generator 14, turbine 15, mechanical load 16,
and nozzle array 17. For the sake of brevity and clanty, the
structure and function of these common components will be
not again discussed 1n great detail, but please refer to their
previous description. In the 1llustrated embodiment, the water
supply includes an air intake 92 that supplies air to a dehu-
midifier 94. The air intake 92 1n one embodiment comes 1n the
form of a duct for transierring air to the dehumidifier, but the
air intake 92 can come 1n other forms as well. The dehumaidi-
fier 94 condenses the water out of the air that 1s supplied to the
turbine 15. The dehumidifier 94 can include components
found 1n traditional dehumidifiers, such as one or more com-
pressors, cooling coils, etc., and the dehumidifier 94 can
turther include one or more storage tanks for storing water
produced by the dehumadifier 94 or supplied from some other
source. In one particular example, the dehumidifier 94 can be
part of an air conditioming system used to cool a vehicle cabin
or temperature sensitive components. In one embodiment, the
dehumidifier 94 1s powered by the same power source 13 used
to power the laser generator, but in other embodiments, the
dehumidifier 94 can be powered by other power sources.
From the dehumidifier 94, the condensed water 1s then sup-
plied to the turbine 15 through the flow control 12 and vapor-
1zed by the laser generator 14 1n order to supply mechanical
power to the mechanical load 16. The water supplied by the
dehumidifier 94 can partially or completely satisty the water
demands of the turbine 15.

FIG. 18 illustrates an example of another system 95 in
which the water for the turbine 13 1s at least in part or in whole
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replenished from the outside environment on a continuous or
near continuous basis. In this particular example, the water 1s
obtained from a body of water, like an ocean, river, lake,
stream, aquifer, etc. The system 95 1n FIG. 18 includes the
components discussed before, like the flow control 12, power
source 13, laser generator 14, turbine 15, and mechanical load
16. In the FIG. 18 embodiment, the water supply 11 includes
a water intake 96 through which the water from the water
source 1s drawn and a purifier 98 that removes 1mpurities 1n
the water that might harm the turbine 15. The water intake 96
can come 1n many forms. For example, the water intake 96
can be a simple pipe that draws the water out of the body of
water and/or includes a pump for pumping the water from the
water body. The purntfier 98 acts to protect the turbine 15 by
filtering out contaminants. For instance, when the system 95
draws seawater, the purifier 98 can include a desalination
system to remove damaging salt from the water. Alternatively
or additionally, the purifier 98 can 1incorporate filters for {il-
tering out matter that could erode or otherwise damage the
turbine blades. Where the water quality from the body of
water and/or the life of the turbine 15 1s not a concern, the
purifier 98 can be optional 1n other embodiments. For a water
vessel with this system 95, the water 1s obtained directly from
the body of water, vaporized, passed through the turbine 15,
and discharged back to the body of water and/or the atmo-
sphere, avoiding the necessity of storing water on board the
vessel.

Alternatively or additionally, the weight of the system can
be further reduced by transmitting the laser energy from a
remote location. FIG. 19 shows a diagram of such a remotely
powered system 100. As can be seen, a vehicle 102 1n this case
includes the water supply 11, flow control 12, turbine 15,
mechanical load 16, and nozzle array 17 of the type that was
described previously. The mechanical load 16 1n this embodi-
ment at least in part aids 1n movement of the vehicle 102. For
example, the mechanical load 16 can include a propeller,
wheel, etc. that moves the vehicle 102. To reduce the weight
and/or si1ze of the vehicle 102, the power source 13 and laser
generator 14 are positioned at a location 104 that 1s remote
from the vehicle 102. In one example, the power source 13
and laser generator 14 are land based while the vehicle 102 1s
in the form of an airplane, blimp, helicopter and/or some other
air type vehicle. In other examples, the vehicle 102 can be a
land-based, naval-based, and/or space-based type vehicle. To
power the turbine 15, the laser generator 14 shines one or
more laser beams 106 towards the vehicle 102. In the illus-
trated embodiment, the laser beam 106 1s aimed directly at the
turbine 15, but the vehicle 102 can include optics to redirect
the laser beam 106 within the vehicle 102 to the laser steam
generator nozzles. Not only does this configuration reduce the
weight of the vehicle 102, which in turn enhances fuel
economy, 1t also can reduce the overall system cost. For
instance, the same laser generator 14 can be used to power
multiple vehicles sequentially or simultaneously. In addition,
larger and more poweriul power sources 13 and laser genera-
tors 14 can be used as to power the vehicles 102. To guide the
laser beam 106, the system 100 can further include tracking
equipment that tracks the location of the vehicle 102. In
another variation of the system 100 in FIG. 19, instead of
powering a moveable vehicle, the laser beam 106 1s used to
power one or more stationary locations.

FIG. 20 illustrates an alternate example in which the tur-
bine 15 1s stationary and the laser generator 14 1s moveable. In
particular, system 110 1n FIG. 20 includes a satellite 112 and
a power generation unit 114. In the 1llustrated example, the
satellite 112 can be located 1n a geostationary or non-geosta-
tionary orbit, and the power generation unit 114 1s stationary
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and ground based. In other examples, the power generation
unit 114 can be moveable. For instance, the power generation
unit 114 can be located 1n space, on the ocean, 1n the air, etc.
The satellite 112 includes the power source 13 that powers the
laser generator 14. In the depicted example, the power source
13 includes solar cells that gather energy from a star like the
sun. In another example, the power source 13 generates power
by passing through a planet’s magnetic field. The power
generation unit 114 includes the water supply 11, tlow control
12, turbine 15, and nozzle array 17 of the type previously
described. In this embodiment, the mechanical power gener-
ated by the turbine 15 powers an electric generator 116 1n
order to generate electricity. The laser generator 14 on the
satellite 112 shines one or more laser beams 106, which 1n
turn power the turbine 15 in the manner as described before.
The ground based power generation unit 114 can include
other components as well. For instance, the ground based
power generation unit 114 can include a collector that collects
the laser energy beamed from the satellite 112. Likewise, the
satellite 112 can incorporate other components. For instance,
the satellite can include guidance equipment so that the laser
beams 106 are aimed properly. In other examples, that satel-
lite can power more than one power generation unit 114. By
being located 1n space, the satellite 112 1s able to receive
uninterrupted sunlight so as to provide a clean source of
energy.

Instead of using liquid sources to create the steam for
driving the turbine, solid materials can be vaporized to form
the gas that drives the turbine. FIG. 21 1llustrates a drilling
system 120 that utilizes this principal. As will be recognized,
the system 120 1n FIG. 21 not only provides a unique power
source, 1t also addresses the 1ssues associated with removal of
debris created by the drilling process. In the illustrated
embodiment, the drilling system 120 1s used to drill ahole 122
in a layer ofice 124, but 1t 1s contemplated that the system 120
can be used to drill openings in other types of materials. The
drilling system 120 has a drilling unit 126 that creates the hole
122 1n the ice 124, and the drilling unit 126 includes several
components that were previously described. For instance, the
drilling unit 126 includes the power source 13 that powers the
laser generator 14 and the turbine 15. As can be seen, the
turbine 15 has a drive shait 128 that rotates a drill or cutting
head 130 that 1n turn cuts the hole 122 1n the ice 124. In the
illustrated example, the drilling unit 126 1s a unitary, seli-
contained unit 1n which all of the components are incorpo-
rated into a single unit that 1s able to perform the drilling
process. However, the drilling unit 126 1n other embodiments
can have separate components. For instance, the power
source 13 and laser generator 14 can be located outside of the
hole, and optical fibers (or the air) transmuit the laser energy to
the drilling unit 126.

One 1ssue 1n drilling to any significant depth 1s the problem
of the removal of debris created by the drilling process from
the hole 122. As alluded to before, the drilling system 120
addresses this 1ssue by using laser beams 131 from the laser
generator 14 to vaporize ice chunks, shavings, dust, as well as
other types of debris 132 created by the drilling process. The
resulting steam drives the turbine 15, which 1n turn drives the
drill head 130. The resulting steam, as 1s indicated by arrow
134, 1s discharged from the turbine 15 and readily vented out
of the hole 122. In addition, the exhausted steam 134 provides
thrust to further facilitate the drilling process. In the depicted
embodiment, the debris 132 1s vaporized outside of the tur-
bine 15, but 1in other embodiments, the debris 132 can be
vaporized inside the turbine 15. The turbine 15 and the dnll
head 130 are generally flush 1n the illustrated embodiment so
as to entrap the steam, but the drilling unit 126 can be shaped
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differently 1n other embodiments. It 1s also envisioned that the
nozzles of the type described above can be used to vaporize
the 1ce.

In the above-mentioned embodiments, the medium {for
powering the turbine has been described as being water. Nev-
ertheless, 1t should be recognized that other mediums can be
heated and used to power the turbines, such as alcohol and
other types of liquids. For example, other byproducts pro-
duced by the fuel cell 82 in FI1G. 16 can be used to power the
turbine. It should be recognized that the water source can be
in many forms. Moreover, one or more water sources can be
used in the same system. For instance, the system 80 in FIG.
16 can be modified to receive water not only from the fuel cell
82 but also from the air (FIG. 17) and/or a body of water (FIG.
18). This helps to ensure that an adequate water supply 1s
available 1n emergency situations and/or when one source by
itself 1s unable to provide an adequate supply of water. In
another example, the water supplies 11 inthe FIGS. 19 and 20
embodiments are modified to collect water from a fuel cell,
the air, and/or a body of water. In still yet another example, the
clectric motor 71 and/or the laser generator 14 1n FIG. 135 can
be powered by a fuel cell, and the water from the fuel cell, the
atmosphere, and/or the body of water can be vaporized in the
turbine 15. The systems described above have been described
as converting liquid water to steam. That 1s, the water under-
goes a phase change. It, however, should be recognized that
these systems can heat the liquid water or steam without the
heated medium changing phase. Other phases of matter can
be used to generate power within the turbine as well. For
example, supercritical steam, with pressure and temperature
at (or above) the critical point, can be used. With supercritical
steam, water 1s actually heated to such a high pressure that
boiling does not even occur, and at this point, the molecules
are forced together to the point that the water becomes more
like a liquid again, while retaiming the properties of a gas. It1s
at this point that the water becomes a supercritical fluid. The
resulting high-pressure fluid of supercritical steam provides
excellent energy efficiency. With the aid of high pressure,
supercritical steam turbines can be driven to much higher
speeds for the same amount of heat energy as traditional
steam power.

The liquid water can be supplied to the laser steam genera-
tor nozzle through various types of pipes and/or conduits. In
several embodiments, the liquid water 1s preheated before
being mtroduced to the turbine 1n order to reduce the required
energy to vaporize the water. In one form, the water 1s pre-
heated by the heat irradiated from the power source, the laser
generator, the turbine, and/or other devices. For example, the
liqguid water can be preheated by flowing through a heat
exchanger located at the exhaust and/or in the housing of the
turbine so as to not only preheat the water but also to cool the
turbine. The water can be circulated through the turbine
blades so as to cool the blades and preheat the water. In still
yet another example, the water 1s preheated by running 1t
through one or more heat exchange jackets that surround the
power source and/or the laser generator. It should be recog-
nized that the water can be preheated in other manners. The
above-discussed drawings typically show a single water sup-
ply conduit for the turbine, but 1n use, one or more conduits
can supply water to the turbine. The water supplied to the
laser steam generator nozzle can be a laminar or non-laminar
flow. For instance, the water can be pulsed, and when the
water 1s pulsed, the laser can be pulsed to match the pulsing of
the water, or vice versa.

As noted betore, by vaporizing water within the nozzle, the
need for a bulky and heavy boiler 1s eliminated, thereby
making the systems less susceptible to over pressure and
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boiler explosions. Of course, certain features described above
can be incorporated into systems 1n which the water 1s vapor-
1zed outside of the turbine, such as 1n a boiler. As an example,
the systems in FIGS. 15, 16, 17, 18, 19, and 20 can be
modified 1n such a manner that the water 1s vaporized outside
of the turbine. Nozzles are used in the illustrated embodi-
ments to vaporize water inside the turbine, but the nozzles can
be omitted or replaced by a different structure in other
embodiments. More or less nozzles than illustrated and/or
described (or even one nozzle) can also be used in other
embodiments.

The nozzles 1n the previous examples ensure complete
vaporization of the water so that dry steam 1s produced inside
the turbine. However, the above-described nozzles can be
adapted for use in other environments. For instance, the
nozzles can be used to simply heat (and not boil) the water for
continuous type water heaters. With the above-described
nozzles, the water and laser energy can be introduced in other
manners. Instead of using fiber optics to introduce the laser
beams, parts of the nozzle can be transparent (or removed) so
that the laser beams can be introduced into the nozzle. In
another example, the laser beams can be introduced by being
internally reflected 1inside one or more streams of water. The
water can be introduced by one or more laminar streams,
non-laminar streams, misting, and/or 1n other manners. The
laser beams and water streams 1n the illustrated embodiments
generally move 1n the same direction so that some residual
velocity 1s imparted onto the vaporized steam, but it 1s con-
templated that the laser beams and water streams can be
oriented 1n other manners, such as 1n perpendicular or oppos-
ing fashions. It 1s also contemplated that in other variations
other forms of energy besides lasers can be used to vaporize
the water. For instance, non-coherent forms of electromag-
netic radiation can be used to heat and/or vaporize the water.
In other variations, the frequency of the laser beams can be
tuned to boil the water.

It 1s envisioned that any number of power sources, either
alone or in combination, can power the above-described laser
generators. Examples of power sources that power the lasers
include batteries, nuclear, solar, wind, flywheel, geo-thermal,
tuel cell, and/or chemical power sources, to name just a few
examples.

The mechanical power generated by the above-described
systems can be used 1n a multitude of environments. For
example, the mechanical power can be used to drive the
wheels of a land vehicle, screw or propeller of a ship or
submarine, a turbofan or propeller of an aircrait (or act as a
turbo-fan or turbo-prop), power a pump and/or 1n other areas
where mechanical power 1s required.

The controller m the illustrated embodiments includes
clectronics, such as memory, processors, and other types of
circuitry. It 1s contemplated that the other embodiments that
do not 1llustrate a controller can include a controller, such as
the one depicted in FI1G. 14, that controls the operation of the
system. Besides the illustrated sensors, the controller can
receive information from other mput sources and/or sensors.
For instance, the controller can be operatively coupled to a
sensor that measures the speed of the turbine, temperature,
flow, etc.

In the drawings, the various components are illustrated as
being separate components, but in other embodiments, one or
more components can be combined to form a single unit. For
example, the power source and the laser generator can be
combined as a single unit, such as when the laser generator 1s
a chemical type laser generator. In other examples, the flow
control can be incorporated into the water source and/or the
nozzle. Of course, other combinations are possible.
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As used 1n the specification and claims, the following defi-
nitions apply:

As referred to herein, the term “laser” 1s meant to be used
in a broader context. As should be recognized, a device that
produces any particles or electromagnetic radiation in a
coherent state 1s considered a laser. In most cases, “laser”
refers to a source of coherent photons, 1.e. light or other
clectromagnetic radiation. The word “light” 1n the acronym
Light Amplification by Stimulated Emission of Radiation
(laser) 1s typically used 1n the expansive sense, as photons of
any energy; 1t 1s not limited to photons 1n the visible spectrum.
As a result, there are X-ray lasers, inirared lasers, ultraviolet
lasers, and the like. For example, a microwave equivalent to
an optical laser 1s commonly called a “maser”, but it should be
recognized that for the purposes of discussion herein that
masers are considered a type of laser. Although the techniques
and systems were described with reference to optical or near-
optical-type lasers, it should be appreciated that other types of
lasers can be used. In one particular form, a maser 1s used to
heat the water because ol microwaves ability to rapidly and
cificiently boil the water through dielectric heating. In
another form, the laser 1s an infrared (IR), solid-state laser. Of
course, 1n other embodiments, lasers of different frequencies
can be used to vaporize the water within the steam generator
nozzle. The laser beam created can be a continuous-type laser
or a pulse-type laser. As alluded to belore, the laser can come
in many wavelengths. Lasers are sometimes considered as
emitting light with a narrow wavelength spectrum (“mono-
chromatic™ light), but for the purposes of this description,
lasers are considered to be 1n a broader sense. For example,
some lasers emit light with a broad spectrum, and others emit
light at multiple distinct wavelengths simultaneously. The
laser beams produced by the systems described herein can be
any type ol beam. That 1s, laser beams can include narrow
spectrum beams, broad spectrum beams, and/or beams with
simultaneous but distinct wavelengths. The laser beam gen-
erators can include gas (helium-neon, carbon dioxide, argon-
1on, nitrogen, metal-ion, etc.), chemical, excimer, solid state,
fiber hosted, photonic crystal, semiconductor, dye, and/or
free electron type laser generators, just to name a few non-
limiting examples. One or more laser beams can be supplied
to the nozzle, and 1n one example, multiple beams are sup-
plied through for example multiple laser generators, beam
splitters, etc.

The turbines described 1n the previous embodiments can
come 1n many forms, such as a bladeless (or Tesla type)
turbine, turbofan, a turbo prop, etc. The term “turbine” gen-
erally refers to a machine 1n which a moving fluid, such as
steam, acts on the blades of a rotor to produce rotational
motion. For example, a steam turbine 1s a mechanical device
that extracts thermal energy from pressurized steam and con-
verts 1t into usetul mechanical work. The steam turbine 1s a
form of heat engine that derives much of 1ts improvement 1n
thermodynamic efficiency through the use of multiple stages
in the expansion of the steam (as opposed to the one stage 1n
the Watt engine), which results in a closer approach to the
ideal reversible process. These types include condensing,
noncondensing, reheat, extraction, and induction. To maxi-
mize turbine efficiency, the steam 1s expanded, generating
work, 1n a number of stages. These stages are characterized by
how the energy i1s extracted from them and are known as
impulse or reaction turbines. Most modern steam turbines are
a combination of the reaction and impulse design. Typically,
higher pressure sections are impulse type and lower pressure
stages are reaction type. Any imbalance of the rotor can lead
to vibration, which 1n extreme cases can lead to blade failure.
It 1s, however, essential that the turbine be turned with dry
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steam. IT water droplets are 1n the steam and are blasted onto
the blades (moisture carryover), rapid impingement and ero-
sion of the blades can occur, possibly leading to 1imbalance
and failure. Also, water entering the blades will likely resultin
the destruction of the thrust bearing for the turbine shatft.

The efficiency and lifetime of steam-powered equipment
are affected by the quality, or wetness, of the steam used.
Steam quality 1s defined as the mass fraction of the total fluid
mass that 1s 1n the vapor phase. Dry steam or steam of 100%
quality consists solely of water vapor, while qualities less
than 100% indicate that water 1s present 1n the liquid phase.
Condensate may form due to temperature drops 1n some part
of the system. Wet steam contains less useable energy than
dry steam. In turbine systems, steam tends to become “wet-
ter” as 1t expands. The subsequent impingement of water
droplets that form, as well as entrained droplets, can 1nitiate
corrosion on turbine blades. In addition, entrained droplets
often contain solids that can deposit on turbine surfaces,
adversely affecting the flow stream and turbine efficiency as
well as potentially causing imbalance and necessitating
cleaning operations.

As noted above, vaporizing within the nozzle integral to the
turbine 1s desirable for several reasons, including reducing,
the chance of producing harmful wet steam. What 1s meant by
vaporizing the water inside the nozzle 1s that the water 1s
vaporized inside the casing or housing of the turbine that
normally houses the rotor and turbine blade. In other words,
the water 1s vaporized in close proximity to the turbine blade
so as to reduce any heat loss. In the 1llustrated embodiments,
the nozzles are positioned inside the casing of the turbine, but
it 15 contemplated that parts of the nozzle may protrude out-
side of the turbine casing.

The term “open system” generally means that the water (or
other medium) 1s notrecirculated within the system to be used
by the turbine again. Instead, the liquid water or steam 1s
discharged into the surrounding environment. In certain
embodiments, before being discharged, the steam can be
condensed and/or liquid water cooled so as to reduce the
amount of thermal pollution.

As used herein, a “closed system™ 1s a system 1n which the
liquid water or steam that drives or passes through the turbine
1s condensed and returned to the steam turbine system to be
boiled to steam again for drniving the turbine. Of course, the
system might not be completely closed 1n a sense due to
leakage or bleeding of steam or liquid water from the system.

The language used 1n the claims and specification 1s to only
have its plain and ordinary meaning, except as explicitly
defined above. The words and the above definitions are to
only have their plain and ordinary meaning Such plain and
ordinary meaning 1s inclusive of all consistent dictionary
definitions from the most recently published Webster’s Dic-
tionaries and Random House Dictionaries.

While the disclosures have been 1llustrated and described
in detail 1n the drawings and foregoing description, the same
1s to be considered as illustrative and not restrictive in char-
acter, 1t being understood that only the preferred embodiment
has been shown and described and that all changes and modi-
fications that come within the spirit of the disclosure are
desired to be protected.

What 1s claimed 1s:

1. A method, comprising;:

vaporizing water with electromagnetic radiation within a

turbine to form steam, wherein said vaporizing the mate-

rial includes

supplying the water to a nozzle,

vaporizing the water with the electromagnetic radiation
within the nozzle, and
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reflecting the electromagnetic radiation within the
nozzle to pass through the water more than once; and
powering the turbine with the steam.

2. The method of claim 1, wherein the water includes liquid
water.

3. The method of claim 1, wherein the electromagnetic
radiation 1includes a laser beam.

4. The method of claim 1, further comprising:

wherein the nozzle includes a reflection area;
wherein the electromagnetic radiation retlects at the retlec-

tion area of the nozzle; and

cooling the reflection area of the nozzle by directing at least

one of the water or steam to the reflection area.

5. The method of claim 1,wherein said reflecting the elec-
tromagnetic radiation within the nozzle includes containing
the electromagnetic radiation within the nozzle.

6. The method of claim 1, further comprising;

measuring a property of the electromagnetic radiation dur-

ing said vaporizing the water; and

adjusting the supply of at least one of the water or the

clectromagnetic radiation based on the property of the
clectromagnetic radiation measured.

7. The method of claim 1, further comprising:

producing the electromagnetic radiation with power cre-

ated with a fuel cell, wherein a byproduct of the fuel cell
includes the water; and

supplying the water from the fuel cell to the turbine.

8. The method of claim 1, further comprising;

condensing the water from the atmosphere; and

supplying the water condensed from the atmosphere to the
turbine.

9. The method of claim 1, further comprising:

wherein the water includes liquid water;

drawing the liquid water from a body of water; and

supplying the liquid water from the body of water to the

turbine.

10. The method of claim 1, wherein the water includes 1ce.

11. The method of claim 1, turther comprising:

supplying power from a power source to generate the elec-

tromagnetic radiation;

powering a drill head with the turbine;

wherein the water includes 1ce;

drilling into the ice with the drill head; and

wherein said vaporizing the water includes vaporizing

debris created by said drilling.

12. The method of claim 1, wherein:

the turbine includes a housing; and

said vaporizing the water with the electromagnetic radia-

tion occurs within the housing of the turbine.

13. The method of claim 1, turther comprising:

discharging the steam from the turbine to the outside envi-

ronment.

14. The method of claim 1, further comprising:

recirculating the steam from the turbine back to the turbine.

15. The method of claim 1, wherein:

the turbine includes a rotor with blades; and

said powering the turbine includes rotating the rotor with

the steam.

16. The method of claim 1, wherein:

the steam 1s dry steam;

said vaporizing includes producing the dry steam that lacks

any of the water 1n a liquid phase.

17. The method of claim 1, turther comprising:

powering a mechanical load with the turbine; and

switching powering of the mechanical load to an electric

motor when a specified operational parameter 1s
reached.
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18. The method of claim 17, wherein the mechanical load
1s a drive train of a vehicle.
19. The method of claim 1, further comprising:
transmitting the electromagnetic radiation from a source
that 1s remotely located relative to the turbine. 5
20. The method of claim 19, further comprising:
moving a vehicle with the turbine; and
wherein said transmitting the electromagnetic radiation
comes {rom a stationary source.
21. The method of claim 19, wherein said transmitting the 10
clectromagnetic radiation occurs from a satellite.
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